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(54) RARE-EARTH BONDING MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rare-earth bonding magnet, which is economical and 
has high performances. 

SOLUTION: This rare-earth bonding magnet is the rare-earth-based magnetic material 
containing Nb2Fe1 4B~type crystal. This material is constituted of the magnetic powder, which is 
the crushed powder of the gijir.kly r.nole^ thin belt ha ving a rar€> -earth-element content of 8- 
1 1at.% and iHc of 7 kOe or more and has the average particle diameter of 1 10//m or more, and 
the magnetic powder having the following properties. This magnetic powder is the crushed 
powder of replaced-spring-magnet thin belt with an average particle size of 50^m or less , which 
is constituted of soft magnetic phase and hard magnetic phase, whinh j^ve a rare -earth- 
element content o f 8wt.% or less, a n iHc of 3.5-6.0 kOe,^ Br of 10kG or more and a crystal- 
particle diameter controlled at 10-100/^m, and amorphous phase having 10 area % or less and 
bonding resin. Thus, the rare-earth-bond magnet having the magnetic characteristics of the Br 
(remnant magnetic filed density) of 8kG or more, an iHc (coercive force) of 5 kOe or more and 
an energy product (BH) max of 1 1MGOe or more is obtained. 
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1 ) TKBM» < A ) k ( B ) bco&amm 

#8kGULh. i Hc#5k0e Oh. x*;l^-» 

( B H ) m a x tfl 1 HQOeJjLh^ttSmtt&^Tr 4 - k 

(A) N d 2 F e 14 BS»Sfli&-fttri6±3KRaPE*ffiT 
^T. «±SK**>***0 t 8~l latX ftHtfti 
Hc#7k0e J^&JWSSWf^^^T^ft^ 1 0 

( B ) #±^7C#W-ir^* { 8at.%mT. ««* i H c 
#3. 5~6. Ok0eT» SWaSKWKBr^lOkGia 

ttffl k v v- Pttttffi&tf 1 0 fflWXJaT^T*^^ r x 

5 0 a< m grFOffift . 

[»^«2 1 smmiz* o»fenfc»«« 1 tetuo 

[000 1] 

«ft***tr**fcfcftfe"r. «B8BE***Br**8kG 
EUb, fiafcfci Hc#5k0e £JLtT*9. x*/Wf-« 
( BH ) maxi 5 1 1 M(SeJ2Uh2: AvM£ffi£$r*~&&± 

[00 0 2] 

tiT'fcl»A-b'f-(^F7>r/(HDD) . CD-R 

[0 0 0 3] L^LS:* 1 ^ iitfe«8MWVl^UHk 

«4oTV^. #±^M^aS (Ndl, Sm&) * 
SmM^M^PW. NdWfJttiKyKBffiJ: 

[ 0 0 0 4 ] N d SRSSWttJK^ KBffiOiRIWHfti: VX 
14. mttbZb. JHJIGMttjMBaLfcMQP (ISA 

*«±f*E WCttffl £ ftT & . ^c7)MQP-B flfl»«>— « 
W&ffl J&<4 N d 2 F e 1 4 B IStt Jl^afl?? Jtffit&Att 
5£<7)Nd, 2 Fe 16 . 5 Co 5 . 5 B 6 T'&D . fiSSVlfttte. 
»Br = 8. 2kG. iHc=9. OkOe. (BH) 
max=12. OMG0eT'£D. dcOBtfftSrteffi LfcffiB 



ri^sKy HBF5 (MQ I - B 1 0 ) OSMMMSli, B r 
= 6. 9kG. iHc = 9. OkOe . (BH) max=l 
0. OMG0eT-J>& (MQItb&JPn^fcJ:*. > • 

[000 5] WRFF8-1 24 7 3 0KJ4. Nd 
2 Fe 14 B-fk^ftfiiffl^#3fi<ONd 12 ±0. 5at.3L « 
8U3 i H c = 1 OkOe tfXSMtf&ttk . S£ B B B &#2 0~5 

0nmt$iJUil$tl^y7h©1±fflk^-^ttffi*^^ 

Tliy>*:GM&*j4~l OkOe <D^W3^±WSHmWB 
T. SOtffit:E»S*t.fc«S«*ttt. -hlBMQ I -B 1 
[0006] 

...ffi&v_||S<9MQ_I - B.1 9„iOWV\B_r£WU ^ 

-Bl OiOilSV* (BH) maxSrW^Stf^F&E 
*ffiflrWfc««'t-4 - k £i&Sk • 
[0007] 

[fsj@£$&wc#>^&] HRt=*A«5oa»« 

Sri*iWf-Wi <i .(BH)max=0. 2 5XBr' 
T^Siti. Lfe^T. MQI-BlOiOiftl* 

Br£^&^£«W£-k#^Xk&&. 
BltC. iHcfcJSlftWfcMU iHc>0. 5XBrSrp 

014. JJE«MQP-B«»J:9t«V^iHcfeirr* 
[0008] CIO J; d %imcr>--ob LX . 5S¥»fcW 

saBSfa^^s^^y^^Bffi* 1 *** saury 

y/15IJ, U< »i«Mk**i: N d 2 Fe M BSDE 

\im&mL®%Brm-?$>ZbX'h*). 

[0009] BP*>. N d^<7)#±»7cSS* < 1 0!g^% 

tt, «itf. *GM4fc*«ga?ILfc7tTMO "MQP" (IS 
A«) pfcN d^O#±»fi^Watfe»fi£^3£v^ 
11-1 5« : FJ6««±«-«t-*D>'*'K : 5"&&t:Jt 

±m<7>&*i8MX'Z &tzfrW8&)X'hhb^ol ; miZ3i 
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[0010] dtS^rtSBaMt** 1 0 

It. ftSHHSJ: LTJJW>« F e^b c c F e t&t!& 
fc. Fe 3 B^Fe 2 Bfc-tftfSRfc****. fW*®^ 
fciifc, «r#tt» HRJc»«raDI!WKBr*«lO~l 
3 kGk ffiVtfCfiHStt) i H c WHS* 3 . 5 kOe ffit^ 
t> tf>T* 0 . -WtlZ&Wl iHc#3. 5 ~ 

7. 7k0e tim&m^fiK BWHtSWKB r# 1 OkG 
SKHTrJb&fcA. ±IEMQP-B (Br =8. 2) 
fcJfc**fc»BS«**B r ffc&<0« Fe± 

[OOlllKt. *«WC»i, (A) 
k (B) 5r^L. £*ifcJflvvt#yF«5tf>B»l»e 

<t 9*V*B r Sr^TL, 1 OBIWKK 

T#ffi-f £ aFe-NdFe Bi&238*T'J VTm&th 
515(B) fc 3— #*>BM»fc l/t . 'UBMQP 

- BE8$)J: 0 fe»±^*fc&^<»Srttfc»»* 
t(B)t:lfcUBr (iffiVvP i H c # 7kOe fiLhfc « 
v^H»«Ba& (A) fcSHRU ««»K*fT->rt:J6», 

. # y :.H «a5£98&1? lit l/C a , B r.SSkG, iHc S.5 

kOc V ( BH ) m a x ^ 1 1 MGOe£||?l bfcfctfrC* 
b, -ttct>%. ±E<0Jl*^H«5MQ I - B 1 OKJtL 
T. i Hcli{£V-*k<ZXOBrfc (BH) maxHHSfU 
3&»ofiiarttfcflfch./£BP5*«« U»* £ fc £ JUB U # 

[0012] ^mmmmn (a) k 
(b) k<oa^i«ai«&^ffl«JiB*±fc4flBias»k 

U ^Sffi^SJSB r^8kG£Lh. «fi£^J i Hc#5k0 
e JJlii. x*;l^— SE (BH) raax^l lMGOeJJJLhO 

i k zftwit-t&^mxyvmftz 

n®b-thh<?)X'hZ>. (A) Nd 2 Fe, 4 BUSSES: 

8—1 lat.%. fMBtfj i Hc#7k0e JjLLO^fcfilfca 
feW^T 3 ?^®** 10 0// m£Ui^>ai9, ( B ) «± 
a7aRO***j6«8at.ZBlT. «BdJi Hc#3. 5~ 

6. OkOe-C. »9SBH!«fKBrA«l OkGfiLh^. tSfl 
1 0~1 0 0i»fcl*iJfl|S^V7 MKttffik'>— 

K«tt«Rtf 1 0 WaO&XT^>T^y TXfflt^ 

[0013] *f6IHt:ttfflS*t*«» ( B ) k LTtt. 
a|s»Ba«iafc:J:-3r5lcfc:B8«$ii1«taj«+ (**!!¥ 8 
-226021) <3fc«)#*Hr?& 0 > JMW*jtt4. 5$ 
RiFeiDi-.-,-.-. Co, M z B. Cilt. Rtt, N 
d. Pr, Dy. T bRVC e *^jMtf ftfcftxlfcc* 
0-®X{i~ffiW±, Mli, Ti , V, Cr, Zr x N 
b. Mo, Hf s Ta, W. Mn, Cu. Ga, Zn, 

In, Sn, B i „ A g%X/S i *»^>Stfilfc7SS<0— 



t5^xl0, 1. 0^y^9. 0. 0. l^z^5, 
2gwS7, i)-0. 9£ (x + wK 5< (y + z) D 
TatoSitMiJSfctfU aFe ^ bccFeX 

IfZtibb JJEM k wffl»tt**triM8ttlS JMB k N d 
, Fe lt B, MjE^^^^^-S^tt^fflkcO 

1 0 ufflftX£lT*C& -> "C , IMSWBttlSnWB k mT 
JMUttCtt L'>&< k i 5 o®m%T-$>-5-c . aS^BU 

v^i^>i^i»^ai«) (b) . -r^*>. ^±^7^0^^* 

Sat.mT, «aWi Hc#3. 5~6. OkOe T\ « 
SKm^SB r *U 0 kGJjUKO. JSSSS* 4 1 0~ 1 0 
0mK:«l»Snfcy7 hSMHBk^-HttttfflRVl 0 

[ 0 0 1 4 ] WSi ( B ) <Z)£±S73R0>^4tt f 8at.Z 

sjiBiiSt ( b ) <h>mWx% i t d wiijiEoiS b r*^is 

< «r 0 . — TTHttWfc«nRS^*v^ % i H c Sr 
3. 5k0e UJLht«0/ii6fc«. 46±SBaB**W± 5 
at.%KLhTS>-&ik* 4 ff*Lv^ MAiHci« 
3 . 5 kOe *StT'« , 3^0^^ JBr <0±#^«fc 
0 . i H c olbWflWSTO^jK*:* < * 0 . S*k 
tt (BH) maxS 1 1 MGQe5^Rg;T#-f . — 
6. OkOe Sr^x.Sk. HRtsfflWWtB r WST"*"* 
Clk* s #< : 6:0, W» (B) ^Hff-C** 1 OkGfiLLO 
»BriM«<«. **U<ti5. 5k0eT'*>^.^ 
fe. iMSMBri<l 0kG*»rC»iB r 3&«/h$^ 

c$:3. 5k0e m±kV^^'7>X2r^-f ^.k, 1 5 
kGHTk*ft«>*^l*"C*4. BH» (B) ^ffl^i 

MNdi Fe M BSttA<%fc*$ttl0-10 0iBi"f 

t, 1 0~1 0 0nmT'*>^. itlfe^rfittg^ 1 Onn* 
at1iHRt=«?!n»ttW^* 4 V < * 0 . B r Oi£ 
T^ffl#. — 1 OOnmSrj^&k^K^teT*^ 
U<**. 10Sif%OT. »*KlilO~l 

50/i mJrF*>»tt k LT t . « t < «S«Stt*^fl;S 

& k . ttattafifflk waeisftfi k <o«jrwsm 
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L 5 0 ®a%*iS k k 1 0 kGKLkOiS B r ftWIE < 
3r*k JdRttftjaHRSfuSr^* 1 * iHc#3. 
5k0e jaihfcir^fcAKUiWKttlSflffi* 4 ! 0ffi«%W 
±li£6%fc#>. ISWN&k 8 OWft&aMRW&JbR 

[0015) *»wtcffli^n«Baa» (a) tiv «±a 

7cS2r8~l lat.Z**. i Hc#7kOe y±<7)%i%\<r) 
4) |cJ:-»T>8t3:h.4. «*MA) *>-&£ffll£fc:IJtlL 

[00 16] 0tttf, «BW86 4-7 0 3#fctt, «* 
O^A*fl»S*t"C*J0» Nd„Fe 7 ,Nb, 

Taj b 6 oaua<a^yiKy«awi*tt«. Br = 

8. 3kC. iHc=14. 9k0e N (BH)max=l 

fz. ^^64-7 5 0 Nd 8 F e 70 C o 10 

Zr 3 Tii Bs.O^feUsKyOBWWRrtt**. Br = 
8. 6kG. iHc = ll. Ik0e\ (BH)max=l 
5. 2H»ekEtt3*Vt^4 <JS23l-No5>. 
[00 1 7] J5t. ^ s P4-47 0 2 4-f-tta^<?) 
•££#HK*SilTtiD* Nd„Fe 7J Co 8 V 

n B 7 . 5 <0«Uft<0*4tt, «J«MrCBr = 9. 7k 
G. iHc=12. 9k0e . (BH)max=20. 1M 
Gtte^!>aW»ttSqrr*i:SE«S*»."CV^4 (SglSi-No 
4 ) . d^4»0^{i*^fc*3»t-&mSi v ( A) k LX 

®mx-%&. 

[ o o 1 8 ] z mm ( a ) o*±seateqfr*&-. 

8—1 lat.XfcRSgUSlliltt, JJEMQP-BBtt&fc: 
Jfc"CC, ^E&ft±^»^£ffla£^&<^&k^3 

±E^>w*wtcia«3ixTv^ 

Srk<. iHcj&*-HH*V\L«C (BH) maxt ±9 

feVfc*. iHc£7M)e Uhk l/fc3lfe»4» 

ttffi ( B ) ^«m^l* s ®<-^W^{i6k0e g«#±K 

'osmatt****-* 1 1 7koe jy,T**»i u\ 

[00 1 9] mm (A) (i. HRWfcNd, Fe 14 Bl 
J£ B B B ^-ffl fc t < k «Sfi?i#ffi k k M 

ft, 8mt^£TW t 4k««:fijWMK«T*-4<0T'. 

mm±.u ioom m«rflbw»»»*ea«>i»»t sixr 



[0020] 

[tfUfl] *« tt» ( B ) Jrf*S5 0/xmOT 
£P§U B& (A) £W&gl OOjumfiLLfcltt 
U (A) » (B) ^fi£Jfc*fc«*JtXl*f9*A9 

<im<w\ -rsr*>*. «aia«Jtt=B4->fcsaiijS 
[0021] «^m<oj»*w»*»£Lfl3w*»L 

2_0_, 22 1-224 (1996) 
(c, 4KK6fc:J:9Smt ConX%ft-<%&*) k, S 
m 2 Fe, 7 N 3 KBft k <9iI£*Bi^£#*B£ 

"OkSKELTV**. £>£>ig-£Jt<9k^T\ «4JS 
^it^±*^Vift l B r ( B H i m a x^,aV , >S® 5 Sf 
[0022] LtiViX. #3WItf>N d»^A*ffll>fc 

JttT«SafcWfc«^J:5fc. **S^lt*^>ki 
^^SSOttflUt* (WBW)3t**) 
t. «S*ttiKVHfiBFE<WBW!»K. #t=Brk (BH) 
m a x^WIJ: 0 t>flLt*"4 ^ k tlSIgSil 

[0023] 

Jfcfirk*Tr*A'7T^«JBfctfc^)*>. ^sasf?>^k 
imiSMHIffi^feTOttlSftWkttaitlfifli 

& v *T-fc4. 4*$, amsikaftowfjiwau-cfcj: 
[ o o 2 4 ] ( a ) ii. E^ncon^^^^* 

T«tV^\ 1u!BcOJii-C?&±«7C^O#^* J 8~l 1 
at.Xt*, i Hc#7k0e JjLhW*** 1 *^*^ 

T'ffS? L . ja«3BJW£* t'X'T^y r ^«SRfe: t fc<0 

^, s&teak^oismiffin^LTfciv*. t^t. ^ 
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*>£>3roTi3 9. JtlfiOBiffi* (B) tf>rk < . 
ftffl*«BMBHWWSU»^«J^ k ii$r-> T vv$r 
l\ fcrtfU ^<D2^(T>^im^n^W^b LX 

r<ssa^aiii^^^- k<ima ±x't>&\ 

[00 25] (A+B) li. Wm (A) 

g#£>&. a» < a> »»gii. yaomtn oom 

mVXklz&fetZ bH<tmtf y YW&imbti* . <t 0 
iKSHrte:. 1 6o~2 0 0^mT2b2>. ^ (B) W 

h. (A) b (B) <0S£-ite£li. fttflfvvr^i/ 
^-iff <BH) max^f^fLSidtCl^-ri.. -CO 

it^{±. mmn^hwiw&b^mmiz^x . 

fMfiitSfc^nyA-^yf-f >^tfrd £ k# { 
[0026] &-£ffi1sJjlik LTte. ffifgj£M5£feS? 

( P P s ) ^vg^Bi^cO^Tir^li^Ii^-JKWCfe 

[0027] mr. EMfmm&zufcb txmmizm. 
E.mmm^y^y^^\t^ 

JU yf'-XV v-Offifc. -SIWVL if 8>J. i] vTV y 
b'fflm<7>ffiMZ'J>-&&#>Z> £ k S . 

[0028] smmmii. ^*<o^tt^> m^srft 
vxfo^mim^xwm-hzbtfX'thtiK mz. y 

UXEDte. jMmz^&%m*)lmMz&%.-ttti&t 
( B H ) m a x-fcS: ty-fVXtmX'hh . 

[0029] &m&&2ixtiW5i*. &<Dm!mxmz 

L*>L. *&fci->Tli, tSfli^^&kflWak-tt 
•fti$it^O*>^*a$ix2>wk ^-rno^t 



[ 0 0 3 0 ] #f|Bj^ttaW&fiM*g«£t;:o>,vc 

(A) kLT. Nd u Fe 7! Co 8 Vi. 6 B 7 . 6 
jftSrHiRU **M&fc9fflFSfl*bfceo^ 6 5 0'C. 

^^TMCOUtfyO^ltttte. Br = 9. 7kG. i 
Hc = 12.9k0e. (BH)max=20. lMGOeT* 

(B) kLT. Nd 7 . 6 Fe, 3 Co 4 . 5 Nb, B 4 
fflj£<0£&£aSA,fc\ ZOS&zmPtf&ft&lzJi'OT*: 

ji>7TXbttz<vh. 7 4 0-c. 3ttffi<7ymmzttzi' 

^8®a%> mm&gmme omk%x'h^tz. z. 
co^o^^mr^u ^v^a^iif B r = 1 1 ; 9 

kG. iHc=4. 8k0e , ( BH ) max= 1 8. 8MG 
OeX'foifz. 

[ 0 0 3 1 ] m® ( B ) Sr^ftsm^l 0>umKJLh. 7 0 
^ml^T (^S@5 Oum) tZ&&\>K VSB (A) 5r 
^f*^kl 66vmti£. 2 6 O^rnWT (¥i%?4Sl 
5 0/xm) fcAS-j-CffltWl/fc. ( A ) 

kSS^ (B) ^i<iS-^t. ^<3H»B*C 

( B ) C0tt«it^* J . 0. 10. 20. 30. 4 0. 5 

0. 60. 70. 80. 90. 1 00%k3r& 

Liz. xtzx3tt*ismm>2mM%*>u y?-bLx 

iz. m^3*E«^«. ^>-m5<^lk^JS* 1 'c>S:til 

tfc. =5rfc. w® (A)mmm cas» <b> : o%3 

OTffiWjSJPjK^HBFS^atSMMfett. Br = 7. 7kG. 
i Hc =.l 2. 5k0e . (BH) raax=12. 2FK0e 

■c*->fc. aa» ( b > cam ( b ) : i 

0 0%] COBESIR^^^ H«P5«>SB*«Mttt, B r = 
9. 2kG. iHc = 4. 5k0e . ( BH ) m a x= 1 

1. lMGOeT'fc-?*:. 

[0032] milzW.® (A) kttt» (B) fcOSSifc 

^#5 0%i0J^-OMBSft^?r*^. dOlll^4>. 

mm®mz®$mrns.ftmtf®^x z t . 

•^jt^o^y vmpsiz&^x'ftktitz. 
[0033] actc. H2c#a*it<«as»*«!ffltfc# 

ig^ti^ (B)* { 20 ^-M-jfi-CSS^cfilS: bhZb tfft 
iixtcf#v%. RSaESRWJKBrfcHaCT^fSJ: 
9k*#<&6# { . tt© (B)<OBrAW.(A) OB 
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£> . &Bfc*J i H c litJ&'T^ffiffiBfcft o Ml6]5r* L 
fc. SSSIfc LT , ftfcx*^— St ( B H ) ma xli5& 
^ ( B ) #2 0%ffifiTtt*«tt£fc hilK *<?>mi> B r 
<0^ici»3:hJi*fcSi^ SB& (B) # 

7 0 %g**^tt»$i*a»Srffl;T**rt". Lfc#->T * 
3*#WJtf>lM Br^8kGULh. iHc**5k0e 
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